ABSTRACT. The purpose of this study was to examine the changes of cellular cholesterol efflux from macrophages in patients with type II diabetes mellitus (DM), and to determine the expression of CYP7A1, ABCG5, and LXRβ therein. We recruited 30 patients with type II DM (including 15 patients complicated with coronary heart disease and 15 patients with DM only) and 15 normal controls for this study. Peripheral blood monocytes were isolated for macrophage culture. The mRNA and protein expression levels of CYP7A1, ABCG5, and LXRβ were determined using real-time polymerase chain reaction and western blot. The macrophage cholesterol efflux rate was determined with 10% autoserum and standard serum as receptors. We determined 8717 Correlation between cholesterol efflux and CYP7A1 expression ©FUNPEC-RP www.funpecrp.com.br Genetics and Molecular Research 14 (3): 8716-8724 (2015) that the expression levels of macrophage CYP7A1 mRNA and protein in the type II DM group were significantly lower than those in the control group, but no differences were found in the ABCG5 and LXRβ expression levels between the groups. The macrophage cholesterol efflux rate in the patients with type II DM was also significantly decreased compared with that of the normal control subjects (P < 0.01). Furthermore, CYP7A1 mRNA expression and macrophage cholesterol efflux rate were significantly positively correlated. In summary, this study demonstrated that the macrophage cholesterol efflux in patients with type II DM was significantly reduced, and that this reduction was associated with the down-regulation of CYP7A1 expression.
INTRODUCTION
Diabetes mellitus (DM) is a group of endocrine and metabolic diseases with unknown pathogenesis and primarily characterized by hyperglycemia and glycosuria. DM is generally a consequence of disorders of glucose, protein and lipid metabolism caused by absolute or relative deficiencies in blood insulin, and manifests as polydipsia, polyuria, polyphagia, and emaciation in the clinic (dos Santos-Weiss et al., 2012) . DM is classified into primary and secondary categories, with the former being the most often referenced. DM can also be classified into two types according to its onset characteristics, i.e., type I and type II DM. Previous studies have found that patients with type II DM commonly suffer from abnormal cholesterol efflux, which is involved in the accumulation of cellular cholesterol and the progression of atherosclerosis (Penfornis et al., 2012; Dubé et al., 2013) . However, the mechanism for the cholesterol efflux dysfunction in patients with type II DM remains undefined. This study aimed to explore the changes of cellular cholesterol efflux in patients with type II DM and the expression of receptors mediating cholesterol efflux utilizing primary cultured mononuclear macrophages as the source material.
MATERIAL AND METHODS

Reagents
The reagents in this study include: human lymphocyte separating medium, obtained from the Institute of Biomedical Engineering, Chinese Academy of Medical Sciences (Beijing, China); mouse anti-CYP7A1 polyclonal antibody, rabbit anti-human LXRβ polyclonal antibody, and rabbit anti-human ABCG5 polyclonal antibody (Fermentas, Hanover, MD, USA); a human peripheral blood CD14 cell sorting kit (Hangzhou Biowish Biotech Co., Ltd., Hangzhou, China); a Super-Script III First-Strand Synthesis System and Power SYBR Green premixed kit (Invitrogen, SantaCruz, CA, USA); and [ 3 H]-cholesterol oleate, obtained from the Beijing Kangpuhuiwei Technology Co., Ltd., Beijing, China.
Cell culture
Peripheral blood (20 mL) was drawn from all subjects who met the diagnostic criteria 12 h after fasting for peripheral monocytes separation with human lymphocyte separating medium (d = 1.126), and then monocytes were obtained using the human peripheral blood CD14 cell sorting kit, and seeded on 6-well plates (1.0 x 10 5 /well) and 24-well plates (1.0 x 10 4 / well), to which 10% autoserum + 20 ng/mL macrophage colony-stimulating factor (M-CSF) + RPMI1640 was added. Cells were cultured for 48 h to allow for their differentiation into macrophages, which were subsequently identified by oil red O staining and CD68 immunohistochemical staining methods.
Real-time polymerase chain reaction (PCR) detection of CYP7A1, ABCG5, and LXRβ mRNA levels Total cellular RNA was routinely extracted with TRIzol. The sample RNA purity (A260/A280 = 1.70-1.90) and content were detected using DU-800 nucleic acid ultraviolet analyzer (Beckman, CA, USA). The Super-Script III First-Strand Synthesis System was used for reverse transcription to obtain the first-strand cDNA.
The real-time PCR conditions were as follows: detection of ABCG5 and LXRβ was performed by the standard two-step method, with an initial denaturation at 92°C for 30 s, denaturation at 92°C for 20 s, and extension at 70°C for 30s for a total of 30 cycles; CYP7A1 detection was conducted by the three-step method: initial denaturation at 92°C for 30 s, denaturation at 92°C for 20 s, annealing at 45°C for 10 s, and extension at 70°C for 30 s for a total of 30 cycles. The difference in the template quantity was corrected with GAPDH as the reference gene. The PCR was conducted three separate times for each sample, with triplicate wells per each PCR; those three sets of triplicate wells were used during a single PCR. The primer sequences for CYP7A1 were as follows: upstream 5'-AGA GAT TTA CTG GCA GCT GC-3', downstream 5'-ACA CCA CCA GAT ACA GAA GG-3'; the primer sequences for ABCG5 were: upstream 5'-GCG ACA CTT CAA CCA CAC CAT-3', downstream 5'-AGC CAA GAC ACA GAT ACC AG-3'; the primer sequences for LXRβ were: upstream 5'-CAG GAA TTC GGC GGA ACT TT-3', downstream 5'-CAT AAA ATT CCA GGC CCG TTG T-3'; and the primer sequences for GAPDH were: upstream 5'-TAC ATT CTA TGC ATG GTG TC-3', downstream 5'-CGC ATC ACG ATT CTC CTC AC-3'. The gene expression levels of each sample and the reference sample were calculated using the 7500 System SDS software (ABI, USA) (Kojima et al., 2009 ).
Western blot detection of CYP7A1, ABCG5, and LXRβ protein levels
After cell lysis, a 50-μg protein sample aliquot was mixed with a sodium dodecyl sulfate (SDS) buffer solution, which was separated by SDS-polyacrylamide gel electrophoresis (SDS-PAGE) and electro-transferred to a nitrocellulose membrane, blocked with 10% skimmed milk powders for 3 h, and then incubated with mouse anti-CYP7A1 (1:500), rabbit anti-ABCG5 (1:1000), or rabbit anti-LXRβ (1:1000) respectively, at 4°C overnight. After addition of the secondary antibody, the membranes were incubated at room temperature for 2 h, and washed with phosphate buffered saline/Tween 20 (PBST) for color development using the Super Signal West Pico chemiluminescence system (Snibe, Shenzhen, China). The protein levels were expressed by the ratio of the absorbance of the target gene by IMMAGE 800 Protein Analysis System (Beckman Coulter, NY, USA).
Determination of the cholesterol efflux rate
After the monocytes had been cultured for 48 h to permit successful differentiation into macrophages, they were supplemented with 2.0 x 10 4 Bq/mL [ 3 H]-cholesterol incubation medium and incubated at 37°C for 12 h, and then cholesterol efflux was induced by 10% autoserum and standard serum. A Beckman liquid scintillation counter (Beckman Coulter, Brea, CA, USA) was used for quantification. The cholesterol efflux rate was calculated as the efflux liquid count / (efflux liquid count + lysis buffer count) x 100%.
Statistical analysis
All data are reported as means ± standard deviation, and statistical analysis was performed using the SPSS 13.0 software (SPSS, Chicago, IL, USA). One-way ANOVA was used for intra-group comparison and Pearson's bivariate analysis was used for correlation analysis.
RESULTS
Basic information
A total of 60 patients with type II DM were selected and divided into two subgroups: a DM group (N = 30) and a DM complicated with coronary heart disease (CHD) group (N = 30). The normal control group consisted of 30 subjects with matched ages and genders. The basic characteristics and biochemical indexes of the patients are shown in Table 1 . DM = type II diabetes mellitus; CHD = coronary heart disease; BMI = body mass index; FBG = fasting blood glucose; HbA1c = hemoglobin A1c; TC = total white blood cell count; TG = triglycerides; HDL-C = high density lipoprotein-cholesterol; LDL-C = low density lipoprotein-cholesterol; Hs-CRP = high sensitivity C-reactive protein. Compared with the control group, *P < 0.05. 6.2 ± 1.1 9.4 ± 1.6* 8.7 ± 1.3 HbA1c -9.1 ± 1.4 9.2 ± 1.3 TC 6.1 ± 1.1 5.8 ± 1.2 5.7 ± 1.0 TG 2.1 ± 0.4 2.2 ± 0.5 2.1 ± 0.5 HDL-C 1.8 ± 0.5 0.9 ± 0.3* 1.7 ± 0.4 LDL-C 2.9 ± 0.7 2.7 ± 0.5 2.8 ± 0.6 Hs-CRP 1.6 ± 0.6 4.7 ± 1. mRNA expression of CYP7A1, ABCG5, and LXRβ in monocyte macrophages
The CYP7A1 mRNA expression level in monocyte macrophages from the type II DM group was significantly lower than that in control group (P < 0.01), while no significant difference was found between the two type II DM subgroups. There were no significant differences in the expression levels of ABCG5 and LXRβ mRNA between the groups (Table 2) . 
Protein expression of CYP7A1, ABCG5, and LXRβ in monocyte macrophages
The CYP7A1 protein expression level in the mononuclear macrophages was significantly decreased in the type II DM patient group compared to that in the normal control group (P < 0.05), while there were no significant differences in the ABCG5 and LXRβ protein expression levels between the groups (Figure 1 ). 
Cholesterol efflux of monocyte macrophages
The standard serum and autoserum-induced cholesterol efflux levels in patients with type II DM were significantly lower than those in normal control subjects (P < 0.01), while no significant difference was found among the type II DM subgroups (Figure 2 ). In addition, the level of autoserum-induced cholesterol efflux was further reduced compared with the level of standard serum-induced cholesterol efflux in the type II DM group (P < 0.01). There were no significant differences between standard serum and autoserum-induced cholesterol efflux levels in the normal control group (Figure 3) . 
Correlation between CYP7A1 mRNA expression level and cholesterol efflux rate
The CYP7A1 mRNA level was positively correlated with the 10% autoserum and standard serum-induced cholesterol efflux rates, and the correlation coefficients were r = 0.681 and r = 0.723 (P < 0.01).
DISCUSSION
To date, the conclusions of studies on the expression and function of CYP7A1 in patients with type II DM and in associated animal models have been inconsistent (Shin and Osborne, 2008; Espinoza-Jiménez et al., 2012) . The results of this study did not find abnormal CYP7A1 expression in the macrophages of patients with type II DM. The reasons for the prior inconsistent study results might include the following aspects: 1) a difference in the selection of animal species and cell lines leading to differences in gene expression; 2) individual differences between subjects, and 3) the functional impairment of CYP7A1 in some patients might be effected instead by post-translational regulation (Huang et al., 2011; Flaquer et al., 2012; Liu et al., 2012) . Furthermore, some researchers have found a reduction of CYP7A1 expression in patients with hypertriglyceridemia, but no difference was found in the blood lipid levels among the patients in each group in this study, which might be the reason for the inconsistency between our results and those mentioned above (Dinneen and O'Donnell, 2012; Pérez de Isla et al., 2012) . Both in vitro and in vivo studies have shown that CYP7A1 receptor regulation plays a major role in macrophage cholesterol efflux, accounting for about 60 to 70% of the total cholesterol efflux, whereas ABCG5 and LXRβ have little effect on this process (Brindisi et al., 2012; Querton et al., 2012) . This study also found that LXRβ exhibited low expression in human monocyte-derived macrophages, and no significant difference was found in the expression levels among the groups, which is consistent with previous studies.
The mechanism involved in macrophage cholesterol efflux primarily includes receptor-mediated and watery diffusion pathways, in which CYP7A1, LXRβ, and ABCG5 com- prise the major receptors mediating cholesterol efflux from macrophages (Malave et al., 2012; Oliveira et al., 2012) . The efflux of cholesterol from macrophage foam cells on the vessel wall, as the primary step of reverse cholesterol transport, plays an extremely important part in preventing lipid deposition on the vascular wall and the progression of atherosclerosis (Low et al., 2012; Marrs, 2012) . Studies have shown that type II DM might affect the function and regulation of the cholesterol transport receptor, thus causing the abnormal cholesterol efflux from macrophages (Ganda et al., 2012; Yoshida et al., 2012) . In this study, macrophages differentiated from human peripheral blood monocytes were taken as the cells used for analysis, and our results demonstrated that the mRNA and protein expression levels of CYP7A1 on the macrophage surface in patients with type II DM were significantly lower than those in normal control subjects, whereas no significant difference was found among the type II DM subgroups. Consistent with this, our results also demonstrated that the serum-mediated cholesterol efflux rate was significantly decreased in patients with type II DM as well. These results suggest that the reduction of CYP7A1 expression in the macrophages of patients with type II DM is likely to play a key role in the formation of foam cells in diabetic vascular lesions, which is consistent with the results of recent animal experiments and in vitro studies.
Our study also found that the efflux function of cholesterol from macrophages was significantly impaired in patients with type II DM, consistent with the decreased expression of CYP7A1. These two findings were significantly correlated, which suggested that the functional impairment of cholesterol efflux in patients with type II DM might be closely associated with the reduction of CYP7A1 expression. In addition, we also compared the cholesterol effluxes mediated by standard serum and autoserum, and the results show that in patients with type II DM, autoserum-mediated cholesterol efflux was further decreased compared with the standard serum-mediated cholesterol efflux. Some researchers have found that the cholesterol efflux from HepG2 cells induced by HDL particles was significantly reduced in patients with type II DM, indicating that there might also be an certain degree of abnormality in the apolipoprotein and serum components in type II DM patients, which could also contribute to the abnormal impairment of cholesterol efflux (Wang et al., 2011) .
Overall, this study demonstrated that the cholesterol efflux from peripheral blood monocyte-derived macrophages in patients with type II DM was significantly impaired, and that the mRNA and protein expression levels of CYP7A1 were significantly reduced. These two findings were shown to be closely correlated, which suggests that together they play an important role in the progression of atherosclerosis in patients with type II DM.
